The possibility of quantum transmission of information via the induced fractional angular momentum by the Aharonov -Bohm vector potential is revealed. Its special advantage is that it is noiseless: Stray magnetic fields of environments influence the energy spectrum of the ion, but cannot contribute the fractional angular momentum to cause noise.
references therein); Originated from Spatial noncommutativity [21] ; and in connection with the quantum optics [22] . Recently a "spectator" mechanism [23] of an induced fractional angular momentum on ions of the AB vector potential was revealed. The "spectator" mechanism shows that when there is a "spectator" magnetic field the AB vector potential in the well defined limit induces a fractional angular momentum at the full quantum mechanical level. This opens a new way of the quantum transmission of information which is investigated in this paper. The special advantage of this type of the transmission via the AB effect is that it is noiseless. Stray magnetic fields of environments influence the energy spectrum of the ion, but cannot change the fractional angular momentum to cause noise. This effect explores far-reaching consequences of the vector potential in quantum theory: The vector potential itself has physical significant meaning and becomes effectively measurable not only in shifts of interference spectra originated from quantum phases but also in physical observables.
We consider three regions in the (x 1 , x 2 ) plane. 
in,z = 0; Outside the circle (ρ 0 ≥ a 0 )
(1)
out is a vector potential of the AB type. At ρ 0 = a 0 the potential A 
in,z = 0; and outside the circle II (ρ c ≥ a c ) A (c) in,i we don't consider the constant term B c ǫ ij x C,j /2 which can be gauged away by a gauge transformation A (c)
The Hamiltonian of the charge particle is
where ω c = qB c /µc and ω 0 = qB 0 /µc are the cyclotron frequencies corresponding to, respectively, the magnetic fields B in . This Hamiltonian can be rewritten as
is the mechanical momenta corresponding to the vector potentials A 
One point that should be emphasized is that the AB vector potential A Hamiltonian H(x 1 , x 2 ) is rewritten as one of a harmonic oscillator,
From the lowest eigenvalue E 0 we estimate that the size a c of the circle II should satisfy
It is worth noting that
out,i does not contribute to energy spectra. The limiting case of the Hamiltonian H in Eq. (2) approaching its lowest eigenvalue is interesting. In this limit the system has non-trivial dynamics [24, 25] 
In this limit the Hamiltonian H reduces to H 0 =hω c /2. The Lagrangian corresponds to
Constraints -For the reduced system (H 0 , L 0 ) the canonical momenta are
Eq. (7) does not determine velocitiesẋ i as functions of p i and x j , but gives relations among p i 's and x j 's. According to Dirac's formalism of quantizing constrained system, such relations are the primary constraints [25, 26] 
These constraints should be carefully treated. The subject can be treated simply by the symplectic method in [27, 28] . In this paper we work in the formalism of the Dirac brackets.
The Poisson brackets of the constraints (8) are
From Eq. (9), {ϕ i , ϕ j } = 0, it follows that the conditions of the constraints ϕ i holding at all times do not lead to secondary constraints.
C ij defined in Eq. (9) are elements of the constraint matrix C. Elements of its in-
any variables x i and p j are zero so that the constraints (8) are strong conditions. It can be used to eliminate dependent variables. If we select x 1 and x 2 as the independent variables, from the constraints (8) the variables p 1 and p 2 can be represented by, respectively, the independent variables x 2 and x 1 as
The Dirac brackets of x 1 and x 2 is
We introduce new canonical variables q = x 1 and p = µω c x 2 . Their Dirac bracket is {q, p} D = 1. According to Dirac's formalism of quantizing a system which is associated with a number of primary constraints, the corresponding quantum commutation relation
Angular Momentum of the Reduced System -The Hamiltonian H in Eq. (2) possess a rotational symmetry in (x 1 , x 2 ) plane. The z-component of the orbital angular momentum J z = ǫ ij x i p j commutes with H. They have common eigenstates. Now we consider the quantum behavior of the angular momentum in the reduced system (H 0 , L 0 ). Using Eq. (10) to replace p 1 and p 2 by, respectively, the independent variables x 2 and x 1 , then using new canonical variables p and q to replace x 2 and x 1 , the orbital angular momentum J z is rewritten as
Here Φ 0 = πa It can be proved that the fractional zero-point angular momentum induced by the AB vector potential cannot be gauged away by a gauge transformation [23] . It is a real physical observable. 
Dynamics in the Intervening
The Lagrangian corresponding toH is
TheK i 's commute each other
Behavior ofH is similar to a Hamiltonian of a free particle. Its spectrum is a continuous one.
We emphasize again that vector potentials A
out and A
(c)
out of the AB type do not contributes to the commutators betweenK i 's. This does not lead to they contributing to energy spectra of charged particles either.
We consider the limiting case ofH approaching to some constant energyẼ k :H → H 0 =Ẽ k . The Lagrangian corresponding toH 0 is
FromL 0 it follows that the canonical momenta is
Eq. (18) does not determine velocitiesẋ i as functions ofp i and x j , but gives the following primary constraintsφ
Here the special feature is that the corresponding Poisson brackets betweenφ i 's are iden-
Because of {φ i ,φ i } identically vanishing, it follows that the conditions of the constraints ϕ i holding at all times lead to secondary constraintsφ 
According to Dirac's formalism of quantizing a system with constraints, there is no way to establish dynamics at the quantum mechanical level.
Properties of the AB vector potentials in the intervening region is summarized as follows. The intervening region is multiply connected. As is well known, due to the non-trivial topology in this region, the interference spectrum of charged particles suffered a shift according to the quantum phase, i. e. the amount of the loop integral of the AB vector potential around an unshrinkable loop. But unlike in the region II with a "spectator" magnetic field, in the intervening region the two AB vector potentials do not contribute to physical observables:
out,i and A
out,i appear in the mechanical momentaK i of Eq. (14) and the corresponding HamiltonianH, but do not contribute to the commutators betweenK i 's. Therefore, they do not contribute to the energy spectrum. The spectrum of the HamiltonianH is a continuous one of a free particle.
(ii) In the limit of the HamiltonianH approaching some constant the system has not a non-trivial dynamics survived at the full quantum mechanical level. Therefore, the two AB vector potentials A in , like a "spectator", does not contribute to J AB , it plays essential role in guaranteeing non-trivial dynamics at the quantum mechanical level.
If at a moment t we adjust the magnetic field B One point that should be emphasized is that this type of quantum transmission has to satisfy the following condition: In the limit of the Hamiltonian H approaching one of its eigenvalues there is non-trivial dynamics survived at the full quantum mechanical level. Here "the full quantum mechanical level" means that in the defined limit the reduced system can be quantized according to Dirac's formalism of quantizing a system with constraints. Information encoded in A (0) out moves through the intervening region III, but cannot be received by an ion in this region. The reason is: because in the region III in the defined limit the reduced system cannot be quantized according to Dirac's formalism of quantizing a system with constraints. Thus there is no way to establish dynamics at the full quantum mechanical level. Therefore, the vector potential A A special advantage of this type of transmission via the AB vector potentials is that it is noiseless. It is true that no quantum systems really isolated, and the coupling to the uncontrollable environments produces noise. Here the point is that the fractional angular momentum J AB is contributed only by the second term of Eq. (10), which is related to the In cases where the magnetic field is only in the z-direction, this angular momentum reduces to
where φ = B z (x 1 , x 2 )dx 1 dx 2 is the total magnetic flux. J z is the angular momentum of the electromagnetic fields. In cases where the magnetic field B z is produced by an infinitely long solenoid, this angular momentum exists only inside the solenoid. J z should be distinguished from J AB of Eg. (13) . J AB is the angular momentum of the ion which is induced by the AB vector potential outside the solenoid. J AB does not exist inside the solenoid.
